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DENTAL disease is the almost universal experience of modern man. In Great
Britain, the United States, Germany, Scandinavia and New Zealand-countries
which may be looked upon as highly civilised-dental caries is extremely wide-
spread. Parodontal disease is also common, while maldevelopment of the jaws
and irregularities in position of the teeth are so common that in Northern Ireland,
for instance, the need for treatment of these abnormalities far exceeds the facilities
available. There is ample evidence as to the widespread nature of these diseased
conditions, for one of the main duties of the School Dental Officer has been to
examine the teeth of all children under the care of his Education Authority, and
the recent report on the health of the County Borough of Belfast for 1948 reveals
that 77.6 per cent. of all the children examined had decayed teeth. The position
in adults is even worse. In the Army the examination of 18-year-old recruits
showed that of all males 98.5 per cent. had carious teeth, and that on the average
each had lost between three and four teeth. It has been said that 15,000,000
fillings were inserted by the Army Dental Corps during the war. In the United
States defective teeth were the greatest single cause of deferment under the
Selective Service Act, and in one instance cited 97 out of 642 men between the
ages of 21 'and 35 were rejected for this reason alone.
For dental disease to be a sign of civilisation, it must be shown that its existence
has increased, pari passu, with the increasing adoption of that mode of living
which is generally looked upon as the criterion of civilisation. This, in fact, is
exactly what all historical evidence and present-day geographical surveys show.
This evidence is now reviewed.
Although it has been frequently stated that primitive uncivilised man did not
suffer from dental disease, a careful examination of skulls reveals that the condition
was not unknown, for in the remains of the primitive Rhodesian man, the age of
which is estimated at 250,000 years, there is decay in most of the upper teeth.
This, however, was apparently an exception for such remote times, for an exten-
sive survey held in 1919 revealed that European human skulls before the Neolithic
period were free from caries. These European skulls all belong to the long-headed
type, but with the arrival of the broad-headed races (about 1200 B.C.) dental
decay also made its appearance. It must be remembered, when trying to assess
the-extent of dental decay from skulls, that many of the teeth become loose and
fall out as the soft tissues are lost; the appearance of the bony socket in such
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for, to -mention one point, there is no healing or; filling up with new bone-. At. the
same time loss during life may have been, and in some cases probably was, due
more to pyorrhaea than to caries.
Besides the evidence of bony remains there is also that of literature. The oldest
literature in existence dates back to 3000 B.C. and is Babylonian; it is in the
form of bricks on which characters are inscribed, and it is significant that these
contain descriptions of dental disease. In those remote days worms were thought
to be the cause of many morbid conditions and in one description such a worm
is supposed to be speaking. It says "set me amid the teeth and let me dwell in
the gums, that I may destroy the- blood of the teeth and of the gums chew the
marrow.'"
The extensive Egyptian remains, which include large numbers of skulls and
mummies, are of the greatest interest in tracing the development of dental
troubles, because they cover a period of several thousands of years. Before
3000 B.C. caries was rare; in the age of the Pyramids it became more prevalent,
particularly in lower Egypt, while by the time of Anthony and Cleopatra an
examination of about one hundred skulls showed bver 40 per cent. to be affected.
In addition, there is evidence of very widespread pyorrhcea which, in spite of
some accounts to the contrary, does not appear to have received any proper treat-
ment. The Etruscans, on the other hand, were more advanced-dentally; they
not only suffered from pyorrhoea, but also treated it. Specimens have been found
(dated 800 B.C.) in which gold wire was twisted round loose teeth binding them
to their neighbours, and Dr. Lindsay (to whom I am indebted for many of the
historical details) states in her History of Dentistry that no such work or any
attempt at treatment of caries is found in any of the thousands of mummies that
have been examined.
In Ancient Greece there is ample evidence of dental disease. Hippocrates refers
to extractions both when the teeth are decayed and when they are loose, while
oral hygiene is advocated by Diocles of Carystos, his recommendation being that
the gums are massaged daily with the fingers. In Roman literature of the Imperial
era there are also many references-to black teeth, loose teeth, and even to
artificial teeth.
In Great Britain the change in the incidence of dental disease before, during and
after the Roman domination is illuminating. Among the Ancient Britons, very
little caries was present, and it did not increase to any great extent until the more
cultured ways of the Roman became comparatively widespread. The incidence
then increased to almost 30 per cent. There followed in Anglo-Saxon times a rapid
drop, a drop which took place almost immediately after the departure of the
legions. With the slow emergence from the Dark Ages dental disease again
increased, and also its treatment. By the Middle Ages the Tooth Drawer was
recognised professionally, and there are many references to him in contemporary
literature. It is an interesting reflection on the medical profession of that time
that they were very loath-probably from fear-to extract teeth, and at this date
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ments rather than the use of forceps. Rubbing the gums with the fat of a green
frog to make the teeth fall out was one such formula. In 1400 a Tooth Drawer
of the City of London, Matthew Flint by name, was ordered to be paid 6d. daily
at the Exchequer "that he should do what pertains to his art to any poor lieges of
the king, who may need it, without receiving anything from them." (This to me
seems the beginning of our National Health Services and free dental treatment,
exactly 550 years ago.) The calling of Tooth Drawer became one of sufficient
importance to be recognized by the Barber Surgeons, for in 1551 one of their
Minutes reads: "John Bryckett, Tooth Drawer, was admitted a brother into this
house." Not only extractions, but also prevention, was practised by these Tooth
Drawers, for another reference is "to the making of cleane teeth," obviously the
treatment we now call scaling.
In the Tudor and Stewart periods the constant allusions to toothache and bad
breath shows that dental disease was, by then, quite prevalent. Queen Elizabeth
had toothache from the time she was a child, and it is recorded that on one occasion
when she was suffering acutely and causing those around her to suffer also-it
was suggested she should send for her surgeon and have the tooth out. This she
dreaded doing so much that an old bishop, who was present at the time, volun-
teered to have one of his own extracted to prove that the operation was not such an
ordeal as the Queen imagined. A foreigner paying a visit to her court describes
her as having black teeth, which, he goes on to say, was a characteristic of the
English. All these historical references are confirmed by an examination of the
skulls of Londoners of the sixteenth and seventeenth centuries.
From the Tudors to the present day there would appear to have been a further
steady increase, although accurate surveys were not made until the present
century. In 1914 an examination of children in Shropshire was carried out, and
this revealed that only three per cent. of the 12-year-olds and only 5 per cent. of
the 5-year-olds were free from caries. In just under 4,000 of these 5-year-olds
over 1,000 had ten or more carious teeth each. Nor it this experience confined to
the British. Similar surveys show that in Germany and the United States the
position is as bad, if not worse. In the States it has been shown that the average
number of teeth decayed, missing or filled, of the typical 7-year-old is 1.4, and that
this number increases by about one tooth per year, until by the time he is 30,
two-thirds of his teeth have been attacked. It can be said that the average
American will experience tooth decay in his permanent teeth at the age of eight
years-that is, within two years of these teeth having started to erupt.
This fate, however, has not overtaken all modern races, but only those who are
civilised, or to be more accurate, I should say those who live a civilised way of
life. The Eskimo fisherman, the New Zealand Maori living away from the large
cities, the South African Bantu living under his native conditions, all these have
nearly perfect teeth. But as soon as such primitive people live alongside civilised
white men, dental disease appears or rapidly increases. In the Eskimo, for instance,
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it-has been even greater. This review of the evidence shows, therefore, that dental
disease and civilisation go hand in hand.
Now, one of the chief results of civilisation is a change of diet, and it is this
change that has been considered to be a probable cause of the increase in dental
diseases. Such a change may have either a general effect on the health-in which
case the bad teeth are only a part, although an obvious part, of a wider upset, or
since all foods enter the body via the mouth, it may have purely a local effect. Both
these possibilities have to be considered.
There is no doubt that in the light of modern dietetic knowledge the food of the
vast majority of the people in Great Britain has been, and in some cases is, totally
inadequate. Food is necessary for four main reasons-to supply energy to keep
the body warm and to provide for movement; to supply material to replace
worn out tissues; to supply the necessary vitamins without which many of the
body processes do not take place, or take place too slowly, and lastly to supply,
in small quantities, certain vital elements.
The three main classes of foodstuff-carbohydrates, fats and proteins-may
each be used by the body as a source of energy, although the carbohydrates are
most efficient in this respect, but it is only protein-in fact only certain types of
protein-that will give the body the necessary tissue replacement materials, while
some of the vitamins are confined to fresh and usually uncooked foods. The distri-
bution of the trace-elements is still,- to a large extent, a matter of speculation. With
the exception of these trace elements we know nowadays the normal nutritional
requirements of the body, and in the light of this knowledge the adequacy of diets
can be assessed. Where obvious shortcomings exist, some deficiency disease will
make itself manifest, and in many of them there will be dental symptoms. It has
been stated that the teeth can be looked upon as an index of ill.health.
The inadequacy of the English diet in past centuries becomes apparent when one
surveys-English literature. Early- writings show that all classes of the population
received insufficient quantities of fresh fruit and vegetables, and hence of vitamin C.
In the Middle Ages few vegetables were available and fruit was only obtainable
in the summer, when it was so expensive in the towns that it could only be afforded
by the well-to-do classes. The diet in winter consisted of large quantities of salted
and pickled meat with practically no garden produce, and as a result, by the early
spring scurvy must have been widespread. Now one of the results of scurvy is
that the gums get soft, swollen, and bleed easily, while the teeth become loose-
so loose, in fact, that in the later stages they may actually fall out. Although the
disease is not described in early English medical textbooks, there is abundant
evidence that it existed, for a "herbal" speaks of remedies for "making loose teeth
firm and for puryfying the blood in spryngtyme."'
As might be imagined, sailors were particularly affected by the disease, and
Hakluyt, writing at the end of the sixteenth century on Magellan's voyages, says
this: "by reason of Famine and the unclean feeding (of the sailors), some of
their gums grew so over their teeth, that they died miserably for hunger. "
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explore those parts of America which,- as he quaintly puts it, "were to the backside
of Newfoundland," gives an account of an attack of scurvy amongst his men
"their gums were spotted with spots of blood of a purple colour, their mouths
became stinking and their gums so rotten that all the flesh did fall off, even to the
roots of the teeth, which did also almost all fall out." The loosening of the teeth
referred to in earlier writings were probably in part due to this disease. Although
the virtue of oranges and lemons as a remedy for this almost invariable fate-of the
Tudor sailor was realised about 1580, it was not generally adopted in the N.avy
until 1795. Meanwhile, on land, remedies used included lettuce, parsley, and straw-
berries, the latter being recommended as good to "fasten loose teeth and to heal
spongy foul gums." S.ome abuse seems to have been made of.these remedies, for
in St. Bartholomew's Hospital it is recorded in 1678.that patients were given
scurvy-grass ale-provided it weas ordered by the doctor. Scurvy became much less
common in the eighteenth and nineteenth centuries, except during the Crimean
War-when it became so prevalent again that it. occasioned more loss of life
among the troops than any other cause. Now, with the issue of cheap orange juice
to all expectant mothers and young children, and the recognition of the value of
fresh fruit and vegetables, the condition is rare, and the dental conditions
associated with it a curiosity.
Another deficiency disease (with dental symptoms) which used to be prevalent
was rickets-a condition associated with the lack of the bone forming vitamin,
vitamin D, but in which the amount of calcium and phosphorus is also most
important. In rickets the eruption of the teeth is often delayed and they may
become improperly calcified., although.appearing quite normal to the naked eye.
The disease is mainly one of childhood and is more common when children are
artificiallv fed instead of being breast fed, the reason for this being that although
there is ample calcium in cow's milk, it, is in a much less assimilable form.
Wherever a nursing mother is grossly ill-nourished, however, rickets will
frequently affect the child. Because of the slow calcification of the bones of the
.skull, the pressure of the growing brain will cause a swelling of the head, particu-
larly of the forehead, and the weight of the body leads to a bending of the legs.
Both these are characteristic features. As most of the teeth are forming and
calcifying before birth or during suckling, many of these will also be involved.
Rickets does not appear to have been common in England until the 1620s, for
it was not described in the medical works until about 1645, but there is evidence
of its presence in Northern Germany and the Low Countries at a very much earlier
date. For example, many of the religious paintings of the fifteenth and sixteenth
centuries show a young woman holding a child with the bossed forehead and bent
limbs of this disease. It had become very common in Ireland by the middle of the
seventeenth century, for the Natural History of 1645 describes it thus: "Amongst
the reigning diseases of Ireland rickets also may with good reason be reckoned, a
disease peculiar to young children." The cause of this increase in rickets about
1620 may have been the terrible depression and poverty in the last one or two
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dairy products (which for centuries had been an important part of the diet of the
poor country folk) became scarce and dear. These products are rich in vitamin D,
calcium and phosphorus, so their withdrawal from the diet led to a reduction in
the intake of not only the vitamin but also of both these elements, particularly the
former. There was, in addition, a shortage of milk which increased this lack. The
calcification of the teeth suffered along with the bones and caries became more
common. From 1700 to 1750 economic conditions were better and the calcium
intake rose. From 1750 to 1800 economic conditions got worse again, and with
this the incidence of rickets went up. It was in this period that cod liver oil was
first used medicinally at Manchester. With the Industrial Revolution and the rise
of the great manufacturing towns of the North of England, rickets became more
and more widespread. By 1870 30 per cent. of poor children had obvious rickets;
by 1889 it was estimated that almost every child in Glasgow had it; in fact, a map
of the distribution of the disease might be a map of the density of the industrial
population. There is no doubt that alongside this rise of rickets in the 1800s the
state of the teeth deteriorated badly; nor is it surprising that this should be so,
because as has been shown, the diet of the people, especially in the towns, became
poorer and poorer in tooth forming elements. This was partly the result of the
declining consumption of milk which had been taking place since 1750, and also
partly a consequence of the introduction of white flour. Such flour is much poorer
in calcium and phosphorus than the wholemeal that had always been the normal
constituent of bread up to this date. To these two factors may be added a decline
in breast feeding for which industrialisation was partly responsible. Quite early
in the 1800s it was noticed that bad teeth were becoming more common; by the
last 25 years of the century its spread was alarming. It was during this century
that toothbrushes were first used-"tooth preservers," as they were then called.
Tooth powders were also introduced, although not every dentist approved of them.
One contemporary advertisement reads: "The teeth should be cleaned after every
meal with a tooth preserver and then rinsed with tepid water-never neglect this
at night-those who observe this rule will seldom have any occasion for
dentrifices." The advertisement goes on to give advice on the type of toothbrush
to be used-advice which still applies. "It is the rage just now with some dentists
to recommend brushes so hard that they fetch blood like a lancet wherever they
touch-instead of 'tooth preservers' they should rather be termed 'gum bleeders.' "
Another result of this decline in tooth health was the great increase in the use
of false teeth. These were known as "patent masticators," and another advertise-
ment of this period announces that "Those who could not enjoy solid food because
of bad teeth or the lack of them are informed that with the assistance of Mr.
Parker, Cutler, of St. James Street, London, they would be able to masticate,
denticate, chump, grind, swallow, with the best."
I have up to now been giving some account of the systemic results of wrong
diets and their effects on dental health. Since food is taken via the mouth, it may
also have a purely local action, an action which can be due to either the chemical
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described as taking place in the last few hundred years has been widely attributed
not so much to those general diseases mentioned, but rather to the local action of
the refined flour and to the eating of large quantities of sugar. Both of these types
of carbohydrates, it is stated, are acted upon by organisms in the mouth to give
rise to acids. These in their turn act upon the enamel shell of the tooth, dissolve
the calcium salts, of which it is almost entirely composed, and then spread into the
underlying dentine. Sugar, particularly, has been incriminated, since a rise in its
consumption roughly parallels the incidence of decay and its use as
an article of diet goes much further back in history than the introduction of
refined white flour. From the early 1400s consumption in England was steadily
rising, particularly among the wealthy classes. A German visitor to England in
1598 suggested that bad teeth were common enough at that time amongst those
who could afford sweet meats, and also comments on their "black teeth"-"a
defect" he says, "the English seem subject to from their too great consumption
of sugar." To cane sugar was soon added beet sugar. Although its presence was
known as early as 1605, it was not extensively extracted until the days of
Napoleon, when the cutting off of all trade by the English blockade forced the
Continental countries to find another source. This development of the beet industry
further encouraged sugar consumption during the nineteenth century to- such an
extent that it has now become a main item of the modern diet. In 1930, for
instance, the consumption per head per year in the United States was
125 lbs.-21 lbs. per person per week !
The change in the type of flour eaten took place much later. For generations
wheat had been home grown and ground between stone rollers, but with the rise of
industrialisation most of the wheat was imported. Partly because of the greater
ease of storing it in a purified form, this wheat had removed from it the kernel
and husk, and this gave rise to a much finer and more refined type of flour, which
contained, however, less calcium.
It was soon realised that the increased consumption of white flour was associated
with an increase in caries, and striking examples of this have been recorded in
Tristan da Cunha and Switzerland. The former is an isolated community where
the state of the teeth has been kept under expert observation during a period when
such a change in flour and also an increase in sugar intake has taken place. The
population is only a few hundred, and when-H.M.S. Carlisle was surveying the
South Atlantic in the thirties it called at the island. This was in 1932. The teeth
of the inhabitants were examined and found to be remarkably good; 83 per cent.
of them were free from caries and no child under 5 had a single bad tooth. The diet
at this time was the same as it had been for years-potatoes, fish, cheese, milk,
vegetables, but hardly any flour. Only when a ship had called in the past, and this
was a rare event, was there an opportunity to obtain white flour or sugar. Tooth-
brushes were unknown. Five years later the island was again visited by the same
ship and it was found that decay had spread at an alarming rate. Half of the
inhabitants had bad teeth, the children being the ones most affected. There had
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Until recently it had been very exceptional for a ship to visit the island more than
once a year, but during the three years 1934-37 no less than ten had called, and
the inhabitants had had such quantities of white flour and sugar as they had never
seen before. On this last visit, incidentally, the ship also provided the inhabitants
with their first toothbrushes.
Another very good example is to be found in Switzerland in the Goms Valley.
This is a high and formerly inaccessible valley in the mountains in the south of the
country. It had been inhabited by the same people for at least two thousand
years. Migrations and wars had passed by without affecting this small, isolated
community, where the inhabitants were farmers living on rough rye and barley,
green vegetables, meat and dairy produce. Wheat did not grow in the valley
because of the high altitude and sugar was practically unknown. It had to be
brought in on the shoulders of porters over the steep and narrow mountain paths.
It was considered an expensive luxury. The bread was made of coarsely ground
whole rye, which was only baked two or three times a year and then dried and
stored. In these circumstances the native population was practically free from
caries, as can be seen from the numerous skulls found in the various burial
grounds. Towards the end of the 1800s a road, and later a railway, were built
and stores were established that sold the regular food products like wheat flour,
sugar and sweets. The deterioration in dental health was remarkable, and by
plotting on a map of the valley the percentage of caries amongst the school
children in the various villages, it can be shown that the amount of tooth decay
is in direct proportion to the nearness of the general stores and to the general
accessibility of the village.
As I have said, the explanation given to these findings was that the "refined"
carbohydrates of the white flour and the sugar is more easily fermentable, so that
acid is more easily produced, and this acid will dissolve the calcium of the
enamel. This hypothesis, however, does not explain the fact that some of the
South Sea islanders eat very large quantities of sugat cane and yet retain perfect
teeth without decay. With them the large amounts of sugar do not seem to have
any ill effect. Again, many persons in civilised white communities also have sound
dentitions, in spite of lack of oral hygiene and a high consumption of sugar. A
further weakness in the hypothesis is that biochemists show that the carbohydrates
in sugar and "refined" flour do not break down any more quickly than those in
whole ground wheat and other "rough" carbohydrates. It is clear then that the
true explanation is not so simple, although the relationship between the increased
intake of refined carbohydrates and caries is irrefutable.
If an increase in sugar and refined carbohydrates causes an increase in caries,
a diminution of the former should reasonably lead to a diminution in the latter.
Such indeed occurs. For example, it takes place in individuals suffering from
diabetes. These being unable to utilise sugar properly are placed on a special
diet without sugar and low in carbohydrates. It is a clinical observation that such
patients do experience a decrease in decay. The best example, perhaps, is seen
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surveys have been made of caries incidence, and they all show a significant
reduction associated with the change of diet that took place. A detailed analysis
of the statistics, however, reveals that this reduction did not occur in the first two
years of war, but was mainly found in the last two or three years, or even, in some
cases, after the war was over, when sugar consumption had actually gone up. In
Norway, for instance, the intake of sugar nearly doubled between 1944 and 1948,
yet decay had considerably decreased in these years. It was further found that the
greatest reduction occurred in children born during the war. A re-investigation of
the actual records of the examinations of the teeth in Tristan da Cunha discloses
the important fact that the teeth which had decayed under the influence of the
change in diet between the two surveys were those which were actually developing
and calcifying when the change took place. The teeth which had already calcified
were not involved. It might appear, therefore, that it is the amount of sugar in
the diet during the formation of the teeth that is important, and it has been
suggested that there is a rise of sugar in the blood, which prevents in some way
the proper calcification of the teeth. The teeth are thereby rendered less resistant
to the processs of decay even though no naked eye changes in the teeth can be seen.
It is further suggested that it is this change in the blood rather than the presence
of starch or sugar in the mouth that is important. The assumption is :-If the
teeth are well formed they will resist decay, in spite of a diet with a high sugar
content, whereas if the teeth are badly formed they will decay in the presence of
sugar and white flour, but will not if these articles are excluded from the diet.
But we are still faced with the anomaly of the West Indian native whose diet is
rich in starchy foods; who from childhood loves to chew and suck sugar canes,
even when his teeth are forming and yet has a perfect dentition. Even the expectant
mothers of these countries take the high sugar diet without harm to their offspring.
So again the solution of the problem is not so simple as excess sugar in the diet
during tooth calcification, and another explanation, not primarily dependent on
sugar consumption, has to be found.
One possibility is that the result depends on the quality and quantity of the
non-carbohydrate portions of the diet. If, besides excess sugar, the diet contains
the right substances (including the trace elements), it may be that no bad results
will follow; whereas if sugar replaces some of, or all, these essentials, decay will
result. By quality I mean nutritional value and this depends very largely on the
health of the soil on which the food is grown. Soils can become worn out or
damaged; the intensive cultivation of crops in wheat-exporting countries and the
use of artificial phosphates is thought by some to have exhausted the natural
resources of such soils. The history of the Middle Ages in England contains a
good example of this wearing out of soil with its effect on the food. The simple
methods of cultivation which had been created by the Saxons were incorporated
by William the Conqueror into the Feudal system and persisted for hundreds of
years without any proper rotation of crops. As a result, the open arable fields
lost their fertility, the harvest yields dropped and the quality of the wheat
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swept the country killing one-third to one-half of the population. This disaster,
by drastically reducing manpower, led to a breakdown of the F'eudal System and
also led to a change in the agricultural system. The worn out fields were gradually
enclosed by hedges and laid down to grass to feed the sheep, which were to supply
the wool for the new wool trade. For over one hundred years the land was allowed
to recover, become manured and thus regain its vitality. When it was again
ploughed up the yields of wheat were found to have increased threefold-an
indication'of the increased health of the soil.
This idea that the quality and nutritional value of the food depends upon natural
manuring, the avoidance of artificial phosphates, or exhausting the soil by intensive
cultivation has received much attention recently in relation to tooth decay. During
the last war it was observed that between 1939 and 1944 the teeth of children in
the Royal Commercial Travellers' School in Middlesex underwent a phenomenal
reduction in caries. Boyd Carpenter, the dentist in charge, could only attribute
this reduction to the special attention paid by a new gardener to provide the
school with vegetables and salads from the school garden, which for many years
had been naturally manured. He quotes the case of a girl, aged 14, who, on
examination, was found to have a perfect set of teeth-no fillings, no decay, no
inflammation of the gums. On enquiring into her family history, he learned that
both her father and mother had very carious teeth, as had her grandparents; on
going into it further, he found that the grandparents had lived in London on the
usual city diet, but that when their child was about 12 they had built a house in the
country, enclosed a large garden, and used natural manures only. The grand-
daughter had been born into these better nutritional surroundings, and the result
was seen in her perfect dentition.
The improvement of the teeth of London school children during the war years
has been attributed to similar causes rather than to decreased sugar intake. Surveys
of the 5-year-olds show that, as in Norway, there was a decrease in caries between
1939 and 1943, followed by a much greater decrease between 1943 and 1945. It
is suggested that before the war the children were nourished largely from abroad
on wheat grown on soils which had been worn out by intensive cultivation. During
the war they received a large supplement of their nutrition from home sources from
food grown on soil which, having received decades of rest, had recovered its
fertility. It is deduced from these and similar experiments that there exists what
may be called a nutritional cycle, and that this cycle is broken by any departure
from the natural processes, particularly by the introduction of artificial manures
or by the intensive cultivation of one crop. I might mention that in the sea,
however, this natural cycle has remained undisturbed, with the result that fish
contain all the nutritional essentials. The observation that Eskimos living on the
coast have perfect dentitions would fit into with this theory, for they eat the whole
carcase of the fish, skin, offal and all. Away from the coast the Eskimo dentition
is not so good. Again, amongst the North American Indians the tribes with the
best dentitions are the nomads, who follow the buffalo and live on its flesh, while
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may be explained by the fact that the animals, by instinct, feed on the most fertile
soils and also because nomadic races can never exhaust the soil resources in any
one place. It may also be the reason for the rise in caries in primitive races when
they change from nomadic to agricultural habits.
The decay in Egyptian teeth has similarly been explained by the loss of soil
fertility, rather than to the pasty foods that came into vogue after the Greek
invasion, particularly as the latter did not occur until 323 B.C., whereas caries,
as we have seen, was increasing from about 1600 B.C. Now about one hundred
years before this, in 1700 B.C., Joseph was the Food Controller, and Egypt became
a great corn-producing country; yields were great and the grain was stored and
exported. It was this, leading to the exhaustion of the soil by intensive
cultivation, that was responsible for the caries.
The theory that the change in quality of the food may lead to drastic changes
in the health of the body, and hence to the teeth, has been supported by animal
experiments. Two groups of rats fed on similar diets, one group from organically
manured soil, the other on a typically English diet, showed spectacular differences.
On the latter diet a group of 20 rats had only 11 offspring, of which 2 died and
nine were killed by their parents, an accepted sign of malnutrition. The second
group, on the other hand, fed on vital foods, had 134 offspring, all of them being
reared to maturity.
In the light of all of these findings this bad effect of a high sugar or carbo-
hydrate diet may be attributed to the fact that the ingestion of this sugar or
carbohydrate causes a drop in the total intake of the nutritive foods. The total
calories required by the body may be made up, but the less obvious vital elements
will be missing. To give an analogy: it is like driving an internal combustion
engine on petrol without oil-it will go for a time, but the absence of the oil
will soon have serious effects; so long as sufficient oil is given, excess petrol is
not undesirable. Now, the same applies to diet. In fact, when any excess effort
is required the carbohydrates are the most efficient source of the necessary
energy. Modern man, however, has an entirely different mode of living from his
Stone Age ancestor, and this has very marked physiological repercussions. The
increasing use of labour-saving devices of every description, and the mechanisa-
tion of the age, has resulted in a decreased physical activity and with this
decrease has come a lowering of the body's need for calories. Whereas our
Stone Age ancestors, without clothing or central heating, leading a vigorous
life, may have needed between 5,000 and 6,000 calories a day, a man living in
this highly mechanised age may only require as few as 1,600. On the other
hand, the tempo of life has increased, so that the modern need is for food with
more nutritives and fewer calories. This causes a nutritional dilemma-how to
get the maximum amount of nutrition out of the minimum amount of calories.
The present-day methods of food manufacturers, instead of helping to solve this
dilemma, have made the problem more acute, because the processing and refining
154our food undergoes has reduced still further the nutritive vallue of food substances
grown on already impoverished soil.
The solution of this dilemma is by no means easy, but it can be overcome to
some extent by giving the right type of food the right priority. Broadly speaking,
food which furnishes a high quota of proteins of a high biological value should
come first in supplying the daily need. This type of food would include dairy
produce such as milk and cheese, together with meat, fruit and vegetables.
These, besides giving the various nutritive essentials, will also, of necessity,
supply a certain number of calories; The next priority should be given to grains
and cereals in their whole grown form, and lastly, in order of necessity and
importance should come the refined sugars and their derivatives, like cakes and
sweets. To obtain a sufficient amount of essential nutritives, modern man must
consume food which in itself will give him from 1,600 to 1,800 calories. It is
only by increased physical activity that he is able to consume refined sugar
without depriving himself of these essentials. We can say, then, that for
individuals whose total metabolic capacity does not exceed 1,800 calories daily,
there is no room for a diet of refined sugar. For those individuals whose total
metabolism exceeds 1,800 calories daily, refined sugar may have a place in their
diets, but only in proportion as their capacity increases. To give an example,
men under rigorous training may require 5,500 calories daily for maintenance
of body weight, and these may consume large quantities of carbohydrates and
refined sugar without any harm, provided always that the first 1,800 calories are
supplied by the essential foods mentioned.
Further support of this hypothesis is seen in the state of the teeth in Greece
during the war. Unlike the other occupied or belligerent countries there was no
decrease in decay, but rather an increase, and this may be explained as follows
In Norway, and in Britain, although carbohydrate intake went down, the
general standard of nutrition was maintained or even improved. Children were
therefore getting the protective foods and doing without excess refined carbo-
hydrates. In Greece such a standard was not maintained and the population not
only went without carbohydrate, but also without the necessary nutritive
essetntials. Teeth calcifying during this period were therefore badly developed
and so more subject to disease.
There is another feature about the sugar cane loved by the West Indian and
that is its fibrous nature. This brings one to the question of the physical state of
the food, and its effect on dental disease. Primitive diets require considerable
mastication, modern diets are soft-the less effort required the better the
food is considered. The highest recommendation to the cook is that the food
melts in the mouth and the meat requires no chewing. Now, hard fibrous food
has two actions on the teeth-it keeps them clean and it exercises the jaws. The
former is not so important, as we have seen, if the teeth have become properly
calcified, but it is very important if they have not. The cleansing of the teeth
by the artificial means of the toothbrush is the basis of all modern methods of
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action of hard fibrous foods-the use of the jaws-is more important as it is a
physiologic fact that tissues to remain healthy must be exercised. Most jaws
and teeth were developed to tackle hard, tough foods and all primitive skulls
show well developed bones, large muscle attachments and teeth worn flat by
attrition, although the latter is partly due, it is true, to the presence of grit in the
food. The force which the muscles of mastication are able to exert can be
measured by an instrument, the gnathodynamometer, and this shows that the
average force of the bite is just under 200 lbs. weight, although in some persons
it may be very much higher. Bread requires only 1-2 lbs. for mastication,
articles of diet like boiled tongue 3 lbs., and even a tough steak only 90 lbs.-
less than half the average force of the bite. Rarely then are the muscles used
to a fraction of their capacity-in fact, many edentulous patients can manage the
modern diet by eating with their tongue and palate alone. In passing, I might say
that chocolate fudge appears to me to incorporate all the undesirable properties
of modern diet-it is sweet, full of calories, and melts in the mouth without the
slightest mastication !
This lack of mastication affects not only the bone and tooth attachment but also
the gums. Denied their normal stimulation by friction, they tend to become soft,
easily injured and inflamed. The lack of stimulation of the bone leads to under-
development of the jaws-a fact that has been proved by animal experiments.
Since the size of the teeth is not so easily affected (for they are fully grown before
they come into functional activity), the teeth become crowded and this irregularity
also predisposes to disease. e
The possible causes of the pres-ent bad state of the teeth having been reviewed,
what hope emerges of successful treatment? It is axiomatic that prevention is
preferable to cure-in dental disease it is the only hope, for it is so widespread
that to provide adequate facilities would, in my opinion, tax too much the
resources of the community, both in money and in manpower. In the United
States, where Dental Services are much more highly organised than here, it is
said that it would take the total dental personnel a minimum of four years to
treat existing decay. It has also been stated that for every tooth that has been
filled four more decay. The long-term preventative plan, therefore, would be to
make all teeth resistant to decay, and this, we have seen, is achieved by allowing
the teeth to calcify under suitable conditions. rhis means beginning before birth.
The expectant mother should have an adequate diet of nutritive, high quality food
grown under suitable conditions and on healthy soil, and, unless she is very
active and so with a high calorific capacity, she should do without refined carbo-
hydrates and excessive sugar. The child also should have a good diet and do
without sweets and refined sugars until the crowns at least of the permanent
teeth have finished calcifying. If we exclude the wisdom teeth, which develop
last, this would mean exercising restraint until about the age of 9 or 10, after
which the child should be able to take sweets and sugar with comparative
impunity-as far as his dental health is concerned, at any rate. Such advice is
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tion, developed over generations and based on custom, and not only because of
the cost and availability of such high quality food, but also, as we have seen,
because of the low calorific requirements of the body under modern living
conditions.
For those whose teeth are already formed, but badly calcified, several lines of
treatment are possible. Most important is the reduction in refined carbohydrates
and sugars, particularly in childhood, but this reduction is difficult to obtain during
these critical years without the full co-operation of the parents. Incidentally, it
is now thought that high carbohydrate intake is associated with other conditions
besides caries-diseases such as "polio," rheumatic fever and arthritis. A careful
cleaning of the teeth after meals will remove all fermentable carbohydrates and so
help to reduce decay and this is why the proper use of the toothbrush is so
important. Recently tooth powders containing ammonium have been advised, as
such dentifrices render alkaline the surfaces of the teeth for many hours and so
may be expected to prevent the action of acids on the enamel. The clinical
efficiency of such tooth pastes, however, has yet to be definitely proved, for
although considerable reduction of decay has been reported, this reduction may
be due to the extra oral hygiene accompanying the enthusiastic use of a new
technique.
The element fluorine also plays a part in preventive measures. It had been
noticed for many years that the teeth in certain regions became mottled or stained
soon after eruption, and it was found that this could be associated with a high
percentage content of the element fluorine in the drinking water. In some way
fluorine prevented the proper calcification of the teeth and in some towns of the
United States special water supplies were arranged from distant sources to avoid
this damage. Further investigation revealed that although too much fluorine in
the water was harmful, a small amount was not only necessary but seemed to give
some immunity to decay. A very good example of this is seen in the two English
boroughs of North and South Shields-two communities living under very
similar conditions, separated by the river Tyne, but having completely different
water supplies. The children in South Shields were found to have much less
caries than those in North Shields, and the only significant difference in their
living conditions was that the water contained more fluorine. It is now accepted
that fluorine up to one part per million in drinking water helps to prevent dental
decay, although the way it acts is not clear. It has been suggested that the
fluorine forms a compound with the calcium salts in the enamel which are more
resistant to acid, and this is supported by the finding that the front teeth show a
greater reduction in caries than the back teeth-explained by the fact that drinking
water would flush the incisors more than the molars. Another explanation is that
the fluorine has some action on the organisms involved in causing dental decay.
Whatever the explanation, this action of fluorine can be used as a preventative
measure against decay. Where drinking water has insufficient fluorine, the
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several communities in the States. Or fluorine can be given in the form of pills,
but being a powerful poison except when taken in very small quantities and
having undesirable effects on other parts of the body, this method is not advis-
able. A safer way is to paint the surface of the teeth with fluorine solution, and
many experiments are taking place at the moment under controlled conditions to
see whether any significant reduction of decay takes place in such circumstances.
Yet another way is to include fluorine in tooth paste and several such medicated
tooth pastes are already on the market.
From what has been said it will be gathered that we already have enough know-
ledge to reduce, if not to prevent, a large amount of the dental disease from which
we are at present suffering. It is not so much the acquisition of more information,
but making use of that which has already been obtained. Any programme of
prevention must start with the children in whom the teeth are still calcifying, and
it is for this reason that Child Dentistry is so important. It is a tragedy that
under the National Health Scheme the School Dental Service should have lost so
many of its Dental Officers who have been attracted out into general dental
practice where their time is mainly spent in repairing the ravages of dental
disease, rather than in preventing these ravages from ever taking place. The
greatest need of Dentistry to-day is the development of efficient preventive
measures which can be applied to the child population, and the Queen's University
of Belfast is alive to this need, for steps are being taken to institute a department
of Child and Preventive Dentistry which will do much to reduce this widespread
damaging condition in Northern Ireland.
REVIEW
AIDS TO PUBLIC HEALTH. By Dr. Llywelyn Roberts. Sixth Edition.
Published in February (Bailli6re, Tindall & Cox), 1950,
APPROXIMATELY four years after the previous edition, has had to take account of the Social
Legislation which has been introduced since the last edition appeared. This has been admirably
accomplished though one would have hoped that some cognizance might have been given to the
Health and Welfare Legislation enacted in Northern Ireland, especially in so far as it is different
from corresponding enactments in England and Wales and so enhance the value of the book to
students resident here. Minor omissions are to be found on chance references to topics indexed,
e.g., on pages 93 and 276 pemphigus neonatorum is omitted from the notifiable diseases-nor is
this first fact mentioned in the description of the disease on p. 66.
It is perhaps inevitable that in a book of 304 pages the very wvide field covered should, on
many topics, contain only a headline with a short summary, but as the title indicates this volume
will prove a useful aid to the Study of Public Health and a concise summary of the subject,
though these limitations should be remembered. W. G. S.
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